It is well established that patient risk factors and procedural volume/technique relate to patient outcome for a range of arterial procedures. What this study adds is a summary of vascular surgeons' reports of broader 'system' factors influencing the safety of patients undergoing arterial surgery. Vascular surgeons perceive that adverse events are not solely related to inherent complexities in the procedure or the patient's condition, but are commonly caused by a combination of team, environment and organisational failures, which may combine to cause harm.
INTRODUCTION
Some of the highest rates of preventable adverse events are in vascular patients undergoing surgical intervention [1] [2] [3] [4] [5] , yet relatively few studies have sought to identify the preventable causes of these incidents in vascular surgery. Operator and institution inexperience, deficiencies in technical skills and inappropriate patient selection are known to be associated with poorer outcomes 6 . In a small number of single-centre studies, observers have reported failures relating to equipment, workspace configuration, communication, and teamwork 7, 8 .
These findings have been corroborated in a larger, multi-centre observational study of 'system' failures in aortic surgery in the UK 9 . Non-technical failures have been linked to intra-operative errors, procedural problems and longer operating times, but their direct relationship with patient harm is less clear 7, 8 . To ensure the best outcomes, the vascular community must seek to understand the preventable causes of adverse events and target interventions to improve safety across the specialty. Vascular surgeons are ideally placed to comment on factors leading to adverse events, yet to date their views have not been formally reported. The aim of this exploratory, mixed-methods study was to describe vascular surgeons' perceptions of factors contributing towards adverse events in arterial surgery. A secondary aim was to report vascular surgeons' recommendations for improving the safety of these patients.
METHODS

Overview and definitions
In this exploratory, mixed-methods study, surveys and semi-structured interviews elicited vascular surgeons' perceptions of the causes of adverse events in patients undergoing arterial surgery, and interviewees were asked to provide recommendations for improving the safety of these patients. 'Adverse events' were defined as unintended injuries to patients caused by medical management rather than the patient's underlying condition, leading to prolonged hospital stay, temporary or permanent disability, or death 10 .
Inclusion criteria and recruitment of participants
To obtain a high response rate, a convenience sample of 100 surgeons were approached faceto-face during three vascular conferences between November 2012 and September 2013 and were invited to complete the survey. Interviewees were either survey respondents or clinical contacts invited to participate based on their geographical work location or level of training in order to ensure a diverse sample. Surgeons were eligible to participate in the study if they regularly performed open and endovascular arterial operations in the British National Health Service (NHS) and were vascular consultants, vascular registrars, or general surgery registrars with a sub-interest in vascular surgery. Interviews continued until a diverse sample in terms of level of training and geographical work location was obtained.
Materials and methods
A validated framework of factors known to contribute to adverse events in healthcare was used to devise the survey. The framework, which is described in full elsewhere 11, 12 , lists 25 contributory factors organised under the following headings: patient, staff, teams, the work environment, organisation and management, and institutional context. Respondents were asked to consider each contributory factor in relation to an adverse event: (1) that they had personally witnessed and could recall the circumstances of, (2) that had occurred during or within 24 hours of an open or endovascular arterial procedure, and (3) that was caused by medical management rather than underlying disease, and resulted in prolonged hospital stay, disability or death. Respondents scored all factors in relation to the adverse event on a Likert Scale; a score of 5 was 'highly likely' to have contributed, a score of 1 was 'highly unlikely'
to have contributed and a score of 3 was neutral. However, to facilitate comparison between groups (consultants versus registrars; emergency versus elective procedures) in a small sample, survey responses were later converted to binary variables, where factors judged as at least 'somewhat likely' to have contributed to adverse events were coded as 1, and the remainder were coded as 0. Respondents were asked to indicate their level of training (consultant or registrar), the type of procedure that the adverse event related to (open or endovascular surgery), the procedure setting (elective or emergency), and the consequences of the adverse event. To preserve anonymity and to encourage a higher response rate, survey respondents were not asked to give their name or work location. The survey was piloted with eight vascular trainees to ensure acceptability with subsequent minor changes to the syntax of instructions. Survey administration was paper-based, and was undertaken by a single researcher (RL: clinical research fellow). The semi-structured interview schedule elicited detailed accounts of perceived factors leading to adverse events, as well as recommendations to improve patient safety in arterial surgery. All interviews were undertaken by a single researcher, recorded, transcribed verbatim by a professional independent transcriber, anonymised and assigned a study identification number.
Analysis
The most frequently reported contributory factors were calculated from quantitative survey responses. It was hypothesised that the following characteristics could influence perceptions of the profile of factors contributing towards an adverse event: (1) respondent's level of training (consultant versus trainee), (2) procedure type (open versus endovascular) and (3) setting (elective versus emergency). These hypotheses were tested using Pearson's chi-square analysis. The Bonferroni correction was not deemed appropriate due to the exploratory nature of the study.
Analysis of interview transcripts adhered to the principles of the 'framework method', which outlines key steps in the process of thematic analysis 13 to ensure a systematic approach (box 1). The researcher (RL), who had received formal training in the framework method through an accredited centre, read all transcripts in detail, searching for common themes. Themes that were specified a priori (common contributory factors identified through analysis of survey data) and new themes emerging from the data were combined to form an analytical framework, which was comprised of a number of themed headings. This thematic framework was applied to all transcripts. Coded transcript data and relevant illustrative quotes were arranged in a theme/case matrix in Microsoft Excel.
Box 1:
Steps in qualitative data management using the Framework approach 13
Step 1: familiarisation with transcripts to identify data relevant to the research question
Step 2: construction of a thematic framework from the data itself through identification of headings under which relevant data can be organised
Step 3: indexing and sorting to identify parts of the data that can be grouped together
Step 5: reviewing data extracts to organise data to create more coherent groupings
Step 6: data summary and display to summarise each interviewee's contribution to a theme Step 7: abstraction and interpretation to map the range and diversity of views and experiences, and to suggest explanations for the findings.
RESULTS
Of 100 vascular surgeons approached, 77 completed the survey (response rate 77%) and reported on 77 separate adverse events. Survey respondents were consultants (n=37) and registrars (n=40), working in the British NHS who regularly perform open and endovascular arterial procedures. Twelve vascular surgeons were invited to be interviewed, and ten agreed to participate (response rate 83%). Interviewees were consultants (n=5) and registrars (n=5) from six different hospitals across England. All interviewees regularly performed open and endovascular procedures in arterial 'hubs' (centres where arterial expertise are concentrated following the process of centralisation in the UK). Four interviewees worked in central London hospitals and six worked in other regions. Table 1 presents an overview of the procedures types, settings and consequences of the adverse events reported by the survey respondents and interviewees. For illustrative purposes, the details of three adverse events reported by interviewees, including the sequence of events and perceived contributory factors, are presented in table 2.
-Tables 1 & 2 -
Overview of contributory factors
Eighty-three percent of survey respondents reported that multiple factors contributed to the adverse event they had witnessed (median number of factors = 5, interquartile range (IQR) 2-9, range 0-25). Table 3 outlines the profile of contributory factors reported by 77 survey respondents for 77 separate adverse events. Aside from the patient's condition, the most frequently reported contributory factors were failures in verbal communication between operating team members (36.4%: n=28/77), inadequate staffing levels or skill mix (32.5%; n=25/77), and a lack of knowledge/skills (37.3%; n=28/75) or competence (32.9% (25/76).
There were no significant differences between consultants and registrars for the pattern of contributory factors reported. Although the pattern of contributory factors did not differ significantly between elective or emergency procedures, data for the urgency of the procedure was missing in 32.5% (25/77) of survey responses and therefore these results are not presented in further detail. Failures relating to knowledge or skill were more frequently cited as contributing to adverse events (AEs) in open procedures compared with endovascular procedures (19 AEs versus 9 AEs, p = 0.034), as were failures relating to competence (18 AEs versus 7 AEs, p = 0.018). Issues relating to organisational structure were more frequently reported as contributing to adverse events in endovascular procedures than in open procedures (10 AEs versus 3 AEs, p = 0.017).
- Table 3 -Most frequently reported themes arising from survey responses and thematic analysis of interview transcripts described in depth below. Verbatim quotes are given in italics. Table 4 provides a summary of key themes that emerged from analysis of interview transcripts.
- Table 4 -
Team Factors
More than one third of survey respondents (36.4%) and eight of ten interviewees indicated that verbal communication failures had contributed towards an adverse event that they had witnessed. Intrinsic factors leading to poor communication were reported as a reluctance to challenge perceived authority "I didn't feel I could speak up being a more junior member of the team" (interviewee 9, registrar), or a desire to demonstrates one's own capabilities without senior help: "Knowing when to ask for help, that element of communication is difficult. I think it goes back to the hierarchy, and almost proof of self-worth" (interviewee 10, registrar). Long cases requiring staff changeover intra-operatively were viewed as particularly vulnerable to communication failure: "…the only one who tends to be constant is the operating surgeon and if there is a complex case which takes many hours and requires shift changes, it is easy to see how things can be forgotten like an extra clamp that has been left on too long, a swab that has been placed under the pelvis" (interviewee 10, registrar).
Problems relating to team structure (congruence, consistency, leadership) were reported by 28.9% of survey respondents and by four of ten interviewees. Unfamiliarity with other team members made it more challenging to operate safely, and this was particularly problematic during emergency cases occurring out-of-hours: "the scrub teams, the emergency scrub team, which is very incongruent, just sort of thrown together […] I'd never met my assistant before, never mind worked with her" (interviewee 7, consultant). Poorly defined roles and responsibilities within the operating team were described by three interviewees. In one case, it was not clear who was responsible for confirming delivery of an essential piece of kitfailure to check that the equipment had been received led to the planned operation being cancelled after the patient had been put under general anaesthesia (interviewee 3, consultant.)
Work Environment Factors
Nearly half of survey respondents (48.1%) reported that work environment factors contributed to adverse events. Inappropriate staffing levels or skill mix were cited by 32.5% of all survey respondents and by seven out of ten interviewees. Two new consultants felt that having to rely on inexperienced team members impeded their ability to concentrate on operating, and six of ten interviewees cited distractions and external pressures-such as concurrent emergencies-as factors contributing towards adverse events. Other distractions in the work environment (light, space, noise) were reported by 14.5% of survey respondents. 27 .3% of survey respondents and eight of ten interviewees reported issues relating to the design, availability and use of equipment. Half of interviewees (5/10) described failures in planning or preparing essential equipment: two interviewees felt that adverse events had occurred because appropriate rescue equipment was not available when required. Three interviewees reported that unfamiliarity with equipment contributed towards adverse events they had witnessed.
Lack of supervision/training
28.7% of survey respondents and nine of ten interviewees indicated that failures in supervision or failing to seek help were important determinants of adverse events: "the surgical consultant saw that I was struggling and I kept asking for advice on what to do for surgical components but I never said I need you to scrub. Without that direct demand and I guess in part my own inexperience the patient lost a reasonable amount of blood" (interviewee 10, registrar). Four interviewees described difficulty in managing the operating environment and the team due to a lack of training in 'soft skills': "…for the relatively inexperienced consultant's level, it takes up a lot of, you know, thinking part of the brain, to have it concentrate on reminding the assistant as well as concentrating on what's a very technically demanding procedure" (interviewee 7, consultant).
Strategies to improve patient safety
Interviewees suggested a variety of strategies to improve patient safety in arterial surgery (table 5). Half of interviewees (5/10) would like to implement training programs enabling the entire multi-disciplinary operating team to train together. One interviewee emphasised that team training would be particularly important to rehearse crisis scenarios. Four interviewees suggested implementing further protocols or checklists to standardise processes such as midprocedure handovers between staff. Two interviewees believed that high-risk procedures are safest when performed by experienced operating team members who have worked together for many years. Current issues with staff retention or rotation were acknowledged as barriers to this "old fashioned' way of working. It was argued that: "…if you can't have a blanket policy where the safety is always number one, because, it's impossible to have this level of expertise all the time -then you've got to make sure you have it there for cases where things start to become emergent" (interviewee 6, registrar). Accordingly, three interviewees would like to implement further escalation algorithms to facilitate adequate staffing levels or skill mix during emergencies.
- Table 5 -
DISCUSSION
The purpose of this study was to describe vascular surgeons' perceptions of factors contributing to adverse events in arterial surgery. Vascular surgeons report that adverse events are not solely related to inherent complexities in the procedure or the patient's condition, but are commonly caused by a combination of team, environment and organisational failures. We adopted a mixed-methods approach for this study. We report surgeons' survey responses using an existing framework, but we also searched for additional themes in interview transcripts, and we provide direct quotations from interviews with surgeons in this report.
Although this approach might seem alien in a field that relies heavily on quantitative experimental designs, there are several advantages to using a qualitative or mixed-methods methodology when seeking to understand why adverse events occur. Whereas quantitative research measures frequency, prevalence and incidence, qualitative research seeks to understand the breadth and complexity of a given topic 14 . Hence qualitative methodologies are appropriate when investigating the complex interplay of factors contributing towards adverse events, particularly as potentially relevant factors are not fixed in time and space. An advantage of pairing quantitative and qualitative methods is increased confidence in study findings through triangulation 15 . Indeed, in the present study, the independent responses of survey respondents and interviewees both indicated that team and work environment factors are important determinants of adverse events. However, the interviews revealed a more nuanced interpretation of this relationship-for example, whereas analysis of survey results demonstrated that communication failures frequently resulted in adverse events, analysis of interview transcripts revealed some of the factors underpinning these communication failures -such as lack of team continuity or confusion over roles and responsibilities within multidisciplinary teams.
Looking at the findings of this study it is possible to infer that many of the problems leading to patient harm in arterial surgery are common across all surgical specialties. Communication failure, for example, is a widely recognised determinant of patient harm, particular in the operating theatre 16 . Vascular surgeons in this study reported that communication failures may be exacerbated by the issue of operating team continuity. This issue has also been reported in other surgical specialties involving long and complex operations -for example, in a large retrospective cohort study of patients undergoing cardiac surgery, the need to handover anaesthetic care from one anaesthetist to another was associated with a 27% relative increase in risk-adjusted, post-operative complications compared to cases in which the same anaesthetic team members were present throughout the operation 17 In a further study of outcomes in patients undergoing abdominal surgery, surgeons reported higher levels of concentration when they consistently worked with the same operating team members, and this study demonstrated that team familiarity was a significant predictor of post-operative complications 18 . Work environment factors including staffing levels or skill mix and equipment issues have also been widely reported in the safety literature. Nurse staffing and education level is strongly associated with outcomes in surgical patients 19, 20 . Furthermore, cumulative operating team experience has been shown to be more important than the individual experience of the most senior surgeon in cardiac operations with regards to cardiopulmonary bypass and clamp times 21 . This is concerning because vascular surgeons in the present study pointed out that they frequently work with very junior assistants or scrub nurses with little experience of major arterial procedures. Vascular surgeons also reported that equipment issues are common contributory factors when adverse events occur. These reports echo the findings of several other studies of safety in surgery, which have demonstrated that equipment failures are common during arterial operations, occurring most frequently during procedures that utilise endovascular technology [7] [8] [9] 22 . A systematic review of equipment failures in the operating theatre demonstrated that procedures relying more heavily on technology, such as those in vascular and cardiac specialties, carried a higher burden of equipment-related error than general surgical procedures 23 . In the context of the wider surgical literature, the issues identified in the present study are unlikely to come as a surprise to most vascular surgeons, but publishing this work within the vascular surgical literature is an important move towards increasing the visibility of these problems for policy makers.
This study raises some concerns that are unique to the field of vascular surgery, particularly in relation to the organisation of endovascular services in the UK and some other European countries. Organisational structure was associated with a higher incidence of adverse events Investigating the causes of adverse events in healthcare is challenging due to the broad range of potentially relevant contributing factors. There are a number of approaches that can be taken to address the problem and we have used a mixed-methods approach to capitalise on the strengths of both quantitative and qualitative methodologies. However, the study has a number of important limitations that must be acknowledged. Firstly, this study relied on accurate reporting of retrospective events by participants. Clearly, the reports are subjective, vulnerable to selective reporting and recall bias. Furthermore, case selection was based on convenience sampling and study participation was voluntary, therefore surgeons with a particular interest in patient safety may have been more likely to participate; vascular surgeons' perceptions reported in this study may not be entirely representative. Of particular note, the sample size was small in this exploratory study and the reports only reflect practice within the British NHS -thus limiting the generalisability of the findings. In contrast with another similar study of adverse events in surgery 27 , we found no significant differences in the profile of contributory factors between elective and emergency procedures. However, our dataset was incomplete and a larger sample size may yield different results. Finally, recommendations to improve safety were based on interviews with ten vascular surgeons and larger studies are needed to establish whether these views are representative.
CONCLUSION
Vascular surgeons believe that adverse events in arterial operations are frequently caused by multiple, modifiable system factors. This exploratory study has identified important system failures meriting further attention -including team and training issues, problems in the operating environment, and challenges in the organisation of endovascular services. Larger studies are needed to establish the relative significance of these contributory factors in arterial surgery and to determine strategies that can effectively address system failures to prevent future adverse events and further improve surgical outcomes. 
Table 1: Procedures types and adverse event consequences reported by survey respondents and interviewees
